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ABSTRACT: 

PROBLEM TO BE SOLVED: To prevent formation of short circuits 
between a 

magnetic guide and shields of a recording head by allowing a magnetic 
element 

provided in a spin tunnel detecting element to act as a magnetic flux 
guide for 

a magnetic flux from a recording medium to the active area of the 
spin tunnel 

detecting element away from a boundary. 

SOLUTION: A magnetic guide 30 guides a magnetic flux from the 
surface 20 of 

a recording medium 22 to a direction away from the surface 20 and is 
combined 

with a pin retaining magnetic film 32 and an interposed dielectric 
barrier 34 
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to form a a ma gne tores i stive spin tunnel detecting element in a 
recording head 

10, Gap between magnetic shields 12, 14 is separated by a dielectric 
area 16 

spreading to the surface 50 of the head 10. The dielectric area 16 
specifies 

the width 40 of the gap in a direction along the track of the 
recording medium 

22 traversing transistors 80 to 81. Since this structure keeps the 
magnetic 

guide 30 and the shields 12, 14 at the same potential, short circuits 
between 

the magnetic flux guide 30 and the shields 12, 14 are not formed at 
the 

boundary between the head and the recording medium. 
COPYRIGHT : (C) 1999, JPO 
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1. Title of Invention 

RobaSt recordicg bead for near-cootact operation 

2. Claim; 

(1) A record Log bead hanofl a spin tanneling sensing element which i 
s separated from ao interface between the rccoidicg head and a recording 

media, the spin tunneling secsiog element having a m a g n c t i c clement tha 
t fnnctions as a fhx guide tn ccudnct magnetic 1 1 ui emanating f r cm the 
recording media away from the interface to ao active area cf the fpio tu 
no e 1 i og sensing e 1 emen t . 

(2) The record io^ head of claim 1, wherein the flux guide is coupled 
to a pair of stabilization regions that set ao orientation of magnetic 

tioo in tbe flux guide. 

(3) The recording bead of claim 2, whereic an area of the flux guide 
not coupled to the stabilisation regions defines tbe active area. 

(4) The recording head of claim 2, wherein tbe S tabi I i la t ion regions 
comprise an as l i f e r romagne t ic material. 

(5) The recording head cf claim 2, wherein tbe s t a bi 1 i ia t i on regiens 
comprise a pair of permanent magnets. 

(6) Tbe recording bead of claim 2. wherein the spin tunneling teosift 
g element farther comprises a pinned magnetic film and an intervening di 
el ecti ic barr icr . 

(7) The recording bead cf claim 6 f wherein the pinoed magnetic film 
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has i d orientation oi ma g oe ti z a t i c c that is substantially pe f peod i c v 1 a r 
to tbe or ieotat ioo io the flu guide. 

(g) The recording head cl claim 6. wbercio tbe p i o o e d magnetic fiim 
iodides a soft g q c t i c film coupled tc layer cf an t i f er romagnc t i c mate 
rial, 

(9) Tbc recording head cl claim L wbereio the soft magnet i c filrr.ee 
inprises a permalloy layer. 

(10) The recording head cl claim 8. wherein the soft magnetic film c 
emprises a layer of oickel-irco. 

(11) The recording head of claim 8, wherein the a nt i f c r r omago e t ic ma 
terial is a maugioese-base material. 

(12) The rtcording head of claim 8, wherein tbe anti ferromagnetic ma 
terial i 6 nickel -oxide. 

(13) The recording head of claim 8, wherein tbe a d t i ( c r r omagoe t i c ma 
terial it terbium- iron. 

(14) The recording bead of claim I , whereto the spio tiDoeliog seosi 
of element is encased io a shield wh i c h is maintained at a predetermined 

electrical potcotial and the floi guide is maintained at the predetermi 
oed electrical potential 10 prevent short circuits between the flux guid 
e and tbe shield. 

(15) The recoidiog head of claim 1, wherein tbe flux guide comprises 



3/16/04, EAST Version: 2.0.0.29 



ftgm 1-316916 



a soft magnetic I i im. 

(1$) The recording bead of claim I, vhereio the flu* g u i d « comprises 
a pcrnul Icy Layer. 

(17) The recording head cf claim L vh e f e i o the I lux guide comprises 
a ) ay c r of o i c ke I - i r o o . 

(18) The recording bead of claim I, further comprising a pan of ccc 
doctor layers that p i c n i c electrical coanect ico t c the i p i o t o n c e i i v g s 
easing e I erne d t such that the conductor layers are separated Ircit the iat 
erfate to prevent short circuits hetveeo the reccrding media and the ice 
ording held. 

3. Detailed Description ol Invention 
BACKGROUND OF THE INVENTION 
Field of Invention 

The present invention pertaios to ihe field cf reccrding heads. Mc 
re particularly, this invention relates I o a robust recording head & u i t a 
bEe for near contact operations with recording media. 
Art Background 

Recording media suc,h as magnetic tape and d i s t ire commonly used in 
a vide variety cf information storage applications. Soch a recording m 

edia is osiaily constructed uf a magoe t i ca I I y alterable material that is 
capable cf emaoating a magnetic field c: flux that varies along its so; 

face according to the cfiotent of the iofcrmatica stored on the recording 
nedia. Sich a reccrding media is typically subdivided into image are 

as cr transitions. Typically, the storage density cf a recording media 

increases as the sirface dimensions cf the storage areas oo the reccrdio 
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I tic d i a decreases. 

Information is usually read don sub recording media with a record 
i d g bead that is pesiticced near the recording media as the recording me 
dia moves with respect tc the recording head. A recording head typical! 
y incUdes a sensing element that scopes the magnetic flux emanating Ire 
m the recording media. Typically, the resistivity of the sensing eieirer, 
t changes in response tc the magnetic fliJi emanating frctt the recording 
media, k sensing element that changes resistivity in response tc a mage 
etic field is usually referred tc as a ma goe t c-r e s i s t i ve sensing elemfiw 

Prior magoetfl-resi st ive sensing elements typically include one cr in 
ore f er jomagoet i c elements Those resistivity cbaoges in response tc ma g n 
etic flix. Prior magneto-resistive sensing elements include anisotropic 
sensing elements in which a sense current Flows aloog planes of the fer 
romagnetic elements. Prior magnetc-res is I i *e sensing elements also inci 
ude spin tooceling sensing elements in which a sense current flows perpe 
ndicnlai to the planes of the ferromagoet ic elements through a dielectr; 
c barrier. 

The seosing element in prior recording heads, whether anisotropic c 
r spin tunneling, is usually pcsitioDed near the interface between the r 
ccordinf head and the recording nedia where the intensity cf the rcagueti 
c flm being sensed is greatest. Typical i > - a receding head and its se 
nsiog element mist be positioned in near ccotacc with the recording reed: 
a in cider to sense weal magnetic fields and in order to differentiate a 
moDg differed storage areas of a high density recording media. 
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CcllisicDS can occur between tbe recording head and the reccrdiog^ rc 
edia dortog such oca r contact operations, particular]) with r c m € v a b 1 1 r< 
cording media. Such collisions can rcJclt in d e f c ima ! i c o of '.he sensing 

clement which is typically located near the interlace to the recording 
media. Unf citinately, S6ch defcrmation can change the ficcly tsned ma g n 
etic properties ol the sensing element and reduce the sensitivity cf the 

sensing elemeot to the magnetic Jinx emanating (rem the recording media 
. Such wear tc the sensing element cac reach a pcin wheic lie :ctcrdic 
g bead can no longer reliably lead the recording media^ Ccllisiooi bet* 
een tie recording media and the sensing element can also introduce therm 
al spikes into tbe sensing element- Unfortunately, soch thermal spikes 
nsially caise a variitioo in the resistivity of the sensing e'erocut. the 
reby introducing noise into tbe read operation. 

in addition, prior recording heads having a sensing element posit ic 
ced near the interface to the recoidiog media ate subject to a variety c 
i other ill effects. For example, Soch a sensing element is c f 1 c e snbje 
ct to damage from ccnosico Qat occurs near tbe interface t c the record 
ing media. Moreover, recording heads having a sensing element near the 
recording media typically include conductors which are placed near the i 
aterface to the re ending media, This can result in ccucsiuc and smear 
ing effects and can result in short circuits between the ccndDCtcrs and 
the shields of the recording head. 

Fnrtbermcre. resistivity changes io a typical prior sensing elcmcn; 

usually gives rise tc a voltage pcteatial cn tbe sensing element. Sect 

a potential on the sensing element may resui: in an electrical stcrici 
rcoit between the sensing element a e d the shield cf a pricr recn-dicg he 
id. The potential difference between ttte sensing element the shie'ic can 
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also caise a potential difference between the sensing element and ike : 
ecnrdiog media rbicl can cause read noise in the sensing eitirent- 
SUHMAKY OF THE INVENTION 

A robu$t recording head is disclosed that reduces problems associat 
e d with cell i s i c n s and other IK effects that occur at the interface be: 
ween the recording head id a recording media during near contact cperati 
ous. The recording head craplojs a spit tunneling s c n £ t d g element which 
is separated from the interface betveet ibe recording head and the r c c c r 
ding media so as not to be affected by collisions aod other U! effects 
at the interlace between the recording head and the recording media. Th 
e spit tunneling sensing element includes a magnetic element that fundi 

0 q 3 as a flax guide to conduct magnetic flux emanating from the recordin 
g media away from the interface to as active area of the spit tunneling 
sensing element. The structure of tkc robust recording head dees not ei 
pose conductors for the sensing element tc the recording mtdia and preve 
uts short circuits from forming between the flux guide and the reccrdiog 

bead shields. 

Other featires and advantages of the present invention will be appa 
rent from the detailed description that follows. 

The present invention is described with respect to particular exemp 

1 a r y embod imen t s thereof. 

DETAILED DESCRIPTION OF THE PREFERRED* EMBODIMENTS 
Figure I shows a cress sectional view c( a read port ice of a record 
ing head 10 suitable for near contact operation with a recording n;ec:> 2 
2. The recording head 10 is shewn addressing a surface 20 c! the reccd 
iog media 22. This cross section is taken in a direction that traverses 



3/16/04, EAST Version: 2.0.0.29 



(12) 



1~3 169 



across a set of traositicns 80-81 of the recording media 22. Tee reccr 
ding bead It) includes a flax guide 3(9 tbat eoodocU magnetic fie* emattit 
ing Irom the smface 20 cf the recording media 22 b p wa r d and away frcra.t 
he surface 20. The flu guide 30 io combination with a pieced magnetic 
film 32 and ao i o t e r t e a i b g dielectric barrier 34 form a spic tunneling fii 
agnctc-resis t i vc sensing element (he r e i oa f t e r tunnel sense:) id the recc 
rdiog head 10. The tunnel sender is encased in shields 12 and H cl the 

recording bead 10 . 

The area of the pinned magoetic film 32 that overlaps the flu gtiU 
e 30 defines an active region of the tunnel sensor. The dielectric barr 
ier 31 provides a thin tunnel barrier at the active region of the tucael 

sensor. The dielectric barrier 3< is en embodiment is betweeo 0.5 and 
5 nanometers thick. 

The pinned magaetic film 32 is pinned by an exchange layer (not she 
wn) of antiferromagoct ic material. The exchange layer fixes the orienta 
tioo of magnet i xat i on of the pinned magnetic film 32. The orientation g 
f the magnet Uatioo io the pinoed magoetic film 32 is preferably crtho^c 
nal to the magnetization in the flox guide 30 in the acliu regico cf th 
e tunnel scbsoj in order to lineariie the sensing signal. 

The Mix $oidc 3 0 serves as one electrode of the lunte! Sensor in : 
he recording head 10 and the pinned magnetic film 32 serves a? the crhe; 

electrode, Io one embodiraect a pair of conductor layers 36 and 38 pro* 
iie ao electrical path for a seosiog current that flows through the tnnc 
el sensor. The conductor layer 36 reduces leakagt cf magnetic fiox f:cm 

the flux guide 30 to the shield 12 of the recording head 10. Similarly 
., the conductor layer 3$ serves tc reduce leakage «f magnetic flux U th 
e shield N. In another embodiment, the conductor layers 36 a d o U are 
not present and the electrical sensing current flews directly via the f! 
ux guide 30 and the magnetic film 32. 
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A sense current flows through the t n □ n € 1 seuscr vhiie :he recording 
bead 10 is reading the nedii 22. The sense current Mews be:*cec etc f 
iooed magnetic lilni 32 and the active regioc of the Mux gtidc 30 acres* 
the dielectric barrier 34- Meanwhile, the fioi guide 30 conduct: magnc 
tic (lux emanating f rem the surface 20 ap to the active region cl ;hc tu 
ntel seosor. F b i e magnetic flax c ha oges the oricntaticn of tte raafnciiz 
atioD id the active region cl toe flux guide 30 and thereby changes tic 
resistirity of the t iqo el S e d s g i in the active regie o. The changing its 
istivit? can be sensed by ao external sensing circuit (net shown) to pre 
vide a read signal from the recording bead 10. 

The shields 12 and 14 ate spaced apart by a dielectric regie* 16 vh 
ich extends dowo to a surface 50 ol the recording head 10. The i I e ! t c t : 
ic region 16 defines a gap widti 40 in a direction along IracH c( the re 
edia 22 teres* the transitions I D - 1 1 . The surface 50 cf the recording fc 
ead 10 and the surface 20 of the media 22 define a head/media interface. 

The structure of the tunnel Sensor in the recording head 10 makes i 
t possible to maintain tbe shields 12 and 14 and the flax guide 3 0 at tfc 
c same electrical potential. This prevents the f c rraa I i o n cf electrica* 
short circuits between the (lux guide 3D and the shields 12 and U at It 
e head/media interface. In one embodiment, the shield* 12 and 14 and : 
he [lux guide JO are all maintained at ground pctcntial while the ccoccc 
tor 1 a j e r 36 is grounded and the c o o d i c N r ' 1 a y e r 3 S has a potential d i f f 
eieut [rom ground potential. The greater the potential difference het«e 
en grouod and the conductor layer 38 the better, G e n e r a ) 1 f , this potent 
ial difference is limited by the thickness of the dielectric region 16 a 
od its breakdown ?c ! t a g c . 

The structure ol tbe recording headHQ ailc*$ a dieleciri 
c region 16 and a very thin Mix guide 30 which yields a very :h!c gap * 
idth 40. The dielcclric region If can be very thin because 1*. dees tct 
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hiu to electrically isolate the flax guide 30 Irora the s b i e j d s 12 and I 
4 due to their eqoal electrical potentials. The flax glide 36 cat a 1 £ c 
be made very thin because it dees But have u coodect sensing cr bias en 
r rents a 1 o o g its plane. T fc c s « tun cuts flew' instead across the tennei F. 
ensor. The narrowness of the gap width 40 allows the recording head 10 
tc read media with high densities. Therefore Ue length of the t r a o s i 1 1 
o os 80-81 oi the media 22 cat be very small. 

The structure of the recording head 10 also prevents collisions arc 

other ill effects at the head/media interface f r cm affecting the elfici 
eicj of the tunnel sensor. The active region cf the tunnel sensor io In 
e recording head 10 is far enough away from the head/media interface so 
as not to be sisceptible tc collisions between the media 2 2 and the recc 
rdiag bead 1 0 . Collisions that may damage portions cf the flux goide 30 

near the head/media interface dc not affect the active region and there 
fore do do l substantially affect the response of the tunnel seissci tc ma 
gnetic flux emanating from the surface 20 cf the media 22. Id addition, 

the thermal effects caused by collisions between tbc recording head 10 
and the media 22 are far enough removed from the active region cf the tc 
ooel sensor to prevent thermal spikes from introducing substantia! noise 

into the sensing current that flews through the tunnel sensor. 

Id additico, the active region cf the tinnel senser io the reccrdia 
I head 10 is isolated from corrcsicn that roar occur ai the head/media it 
terface. Moreover, the recording head 10 dees act expose the coadncto: 
layers 36 and J8 to the head/media interface. This avcids the effects c 
aosed by conductor sraeaiiog or sbcrt circuits tkat common:* occur if pri 
or recc rding heads . 

Figure 2 shews a view of the flex gNiide 30 and the pinned magnetic 
film 32. This cress section is taken in a direction across the tracks c 
f the media 22 along coe cf tbc transitions B0-B1. Regions M and H re 
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present I fa e Stabil iialico regions of the flux guide 30. The read width 
for the tuuoel sensor is defioed bj the regions cl the ilex guide 3 0 t h a 
[ arc not pinned by the stabilization regiccs 42 and 44. The read w i d t fc 

corresponds tc the width of tracks co the media 22 io a dioeesicn o ? 1 1 c 
gonal to that of the traositicos 80-81. 

Id one embodiment, the s t ab i 1 i t a t i c c rcgioo; 42 tod 4* are realized 

by layers of a n t i I e r romag ne t i c material. The ant i f e: roraagoe t i c materia 
I may be a manganese-based material such as iron-manganese (FeMi) , . c i eke 
l-ma ngaicse (NiMa) , or i r i d i urn-ma oga dc s c , Alternatively, the attiferrcr; 
agoetic material may be oiclel-ciidc or tcrbium-i roc (TbFe) . 

In another cmbod imen t f the £tabilizaticc regions 42 and 44. are real 
ized by permanent magnets . 

An aric? labeled Ml shews the direction ol magoe t i zi t i sn in the act 
ire region of the flax guide 30. The dircctica shown for Ml is ailing th 
c longest dimension of the Mux glide 30 which is across the tracks cf t 
be lie d i a 22. The direction shown of Ml is set by the stabilization reg; 
ods 42 aod 44 and varies about the direction sbo*o io response tc magnet 
ic flux emanating from t.tie media 22. 

i 

An arrow labeled M2 shows the direction gI nags e t i za t i en in the pin 
ned magnet i c film 32. The or i eo tit ion cf ma go c t i :a t i o d M2 is pi coed by 
ao antiferroraagDetic layer aod is substantially orthogonal tc HI io the 
active region of the flux guide 30. 

Figure 3 is a detailed view in one embodiment ul the layers encased 

i u the Shields 12 a a d 14 c f the recording head H . This » f e * depicts t 
he active region o I the tunnel i e n s c r . The base c f the s t * c c t a r e is a i 
[electric layer that provides a portion cf the dielectric region 16. Ne 
xt is the conductor layer 36 which is ma 1 de cf a cend active material such 

as gold. A thin layer cf tantalum 64 presents diffasicn between the co 
cdflctor layer 36 aod the flux glide 3d. 
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The flux guide 30 is a layer cf scfi magnetic film- in ere c tn b o d i m 
eot, the f i i x guide 30 i< a p e r sia 1 1 c y layer Etch as nickel-iron, k pair 
of thio iron layers 66 and 68, which in ooe embudimcn- are each 20 aog< 
trom thick, arc used at the interlace? betweet the dielectric barrier 3< 
and the layers 36 and 32. 

The dielectric barrier 34 is a layer ol dielectric material. Id od 
e embed imeot , the dielectric barrier i? j layer o( a I inn oum-cx i dc 
). 

The pinned magnetic film 32 is a layer of scfi in agnetic film. Is c 
ot embodiment, the pinned magnetic film 32 is a permalloy layer sveb as 
nickel-iron. 

The orientation of the magnetization in the piooed magnetic film 32 
is pinned by an antifeiromagnetic layer 60. fo coe embedimeot, the an- 
if erromagnet ic layer 60 is a layer cf man g an c s e-ba s e d materia! Such as i 
roi-nanginese (FeMn), n i eke 1 -mangaue* e (NiMn) ? cr i r idi om-niaoginc s e , Ai 
ternatifely, the a u t i f e r r oma g 0 e I i c layer 6fl may be a layer of nickel-ox! 
de or ter binm-i r on (TbFc) . 

On top of tbe an t i f 't r r ocagee t i c layer 60 is the conductor layer 3B 
which may be tantalum or t a 0 1 a 1 in/go Id . 

The direction of magnetization Ml in the flax guide 30 it the head/ 
media interface allows magnetic flux to be con doc ted direct If into the f 
lux glide 3 0 and eliminates tbe need for biasing structures Bid me ! , hods 
for reducing cross-track asymmetry. In addition, the tota! power census) 
ptioo cf tbe reenrdiog head 10 is relatively low because a ccbdc! sense 
is a relatively bigb impedance structure. A ic* pewer ccosuenpi Iqg rice 
rding head may be useful for tape beads in which many parallel channels 
nay ex ist . A 

The foregcing detailed description c( the present inventicn is p:cv 
ided fcr the purposes of illustration ant is net intended tc be exfcaest: 
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tc or to limit the indention to the precise cmbod i me d t o i < c ! u < c : . Accci 
dirigly. the scope ol the present ineoticn is delioeti by the appended c! 
a ins . 

4. Brief Description of Drawings 

Figure 1 sbovs a cress sectional view ol a read portico of a fecerd 
ing bead that provides robust operation (or oear contact application ic 
a recording media ; 

Figure 2 shows a fie* cf the flax ffcide and the pinned magnetic fii 
n tafeea io a direction across the tracks cf the recording media; 

Figure 3 is a detailed >ie« of the layers encased in tiie shields cf 
the recording bead iocluding the layers cf tbe spin tunneling sensing c 
I eme fl t . 
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[FIG- 1 1 
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1. Abstract 

A robust recording bead with a spin tonocliog sensing cIcoice? separated 
(rem id interface b e t we e b the recording head and a reccrdicg media sc as 
q o t to be affected by cell isiens a c d other ill effects at the i e t e r f a ( e 
between the recording head and toe recording media. The spie tc&cciiig 
se&$io|? element includes a pair cf magnetic clciceots vhtreit cue cf tU 
magnet i c elements functions as i flex guide that conducts nugtetic fin 
cmanatinf from the recording media away from the inter face to an act: re 
area tf the spin tunneling sensing element. 

2. Rcprcseoliti ve Drawing 
Fig. 1 
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